To determine whether the vascular anatomy of monochorial placenta influences the success of amniotic septostomy for the treatment of chronic mid-trimester twin-twin transfusion syndrome, we report placental anastomoses and perinatal data of 13 pregnancies treated by amniotic septostomy in combination with amnioreduction (AR). The placental anastomoses were delineated postnatally by perfusion studies. Perinatal outcome was also evaluated in relation to umbilical artery Doppler waveform of the donor twin.
INTRODUCTION
Monochorionic (MC) twins are at a higher risk of perinatal death/ handicap compared with dichorionic (DC) twins and singletons. 1 The high perinatal mortality in MC twins is attributed to chronic twin-twin transfusion syndrome (TTTS). Twin-twin transfusion is an ominous complication of MC twin pregnancies and the diagnosis can be made prenatally in the presence of discordance in fetal growth, amniotic fluid volume and fetal bladder size. The growth restricted or ''donor twin'' is oliguric with severe oligohydramnios, while the larger or ''recipient twin'' is polyuric, with gross polyhydramnios that may also develop hydrops. 1 Recent data suggest that this occurs due to paucity of bidirectional superficial placental vascular anastomoses, that protect against haemodynamic imbalance built up by the deep unidirectional arterio-venous anatomoses. 2, 3 If untreated, TTTS results in a perinatal mortality of over 80%, 4 and is associated with a significant perinatal morbidity from preterm delivery, cranial lesions and cardiac dysfunction of the recipient twin. 1, 5, 6 The management options include serial amnioreduction (AR) and laser photocoagulation. 1, 7, 8 However, both methods are associated with suboptimal survival rates of 60 to 70%. [8] [9] [10] Although endoscopic laser ablation of inter-twin placental vascular connections 11 seems to be the most logical approach, serial AR is used more widely in clinical practice.
In an attempt to improve the prognosis of chronic TTTS, more recently ''septostomy'', a method of deliberate creation of a needle puncture of the intervening membrane, has been advocated. 12 The single largest study involving 12 patients with chronic TTTS claims that amniotic septostomy is associated with a success rate of 83% with minimal fetal morbidity. 13 However, other studies, albeit small, failed to substantiate that septostomy can successfully ameliorate the underlying pathogenesis of TTTS thereby improving fetal outcome.
14 The reason for the contradictory observations between these studies is unclear. It is possible that the significant difference in perinatal outcome following septostomy between studies may also be attributed to lack of stratification of severity of TTTS. It is now well recognised that the severity of chronic TTTS may range widely from mild disease, which is likely to resolve following a single AR, to the more severe type, which has a poor clinical outcome, and is often refractory to even aggressive therapy. 15 A previous study has found that absence of superficial placental anastomoses is associated with poor outcome in 26 consecutive cases of chronic TTTS.
In this study, we evaluated the perinatal outcome of chronic TTTS pregnancies treated by amniotic septostomy in relation to placental angioarchitecture and umbilical artery Doppler waveform. We believe that such information is pertinent to the understanding of the underlying mechanism by which septostomy can ameliorate polyhydramnios/oligohydramnios, thereby facilitating prenatal counselling of the women with chronic TTTS.
METHODS

Patients
We studied 13 consecutive women with monochorial twin pregnancies with chronic TTTS who were referred to the Fetal Management Unit at St Mary's Hospital between 1997 and 1999. At the initial visit, MC placentation was established in the presence of the following: (a) concordant fetal genitalia; (b) single placental mass and (c) septal thickness of <2 mm. The diagnosis of chronic TTTS was made in the presence of (a) discordance in estimated fetal weight of Z15%; (b) gross discordance in amniotic fluid volume with polyhydramnios (deepest amniotic fluid pool of Z10 cm) in the larger twin's sac and oligohydramnios in the smaller twin's sac (deepest AF pool of <2 cm) and (c) discordance in bladder dynamics (nonvisualisation of the bladder in the fetus with oligohydramnios and chronically distended bladder in the fetus with polyhydraminos). The larger twin with polyhydramnios was referred to as the recipient and smaller with oligohydramnios was referred to as the donor.
1,2
Amniotic Septostomy
All patients had a detailed ultrasound scan to evaluate fetal anatomy, amniotic fluid volume and umbilical artery Doppler waveforms. All women were counselled regarding the risk:benefit ratio, including the poor prognosis of the condition, if no treatment was undertaken. All women were managed by amniotic septostomy combined with AR in the presence of (a) deepest pool Z10 cm; (b) maternal discomfort. AR was undertaken by inserting a 18-gauge needle trans-abdominally under continuous ultrasound guidance avoiding the placenta and the intrafetal septum. Amniotic fluid was aspirated manually using a 50 ml syringe which was attached to the hub of the needle via a plastic extension tubing and a three-way stopcock. Amniotic fluid was drained until the volume of the recipient's sac was restored to near normal. This was followed by intentional puncture of the intervening membrane (''septostomy'') located at the junction of the two sacs close to its attachment to the chorionic plate. AR was repeated if amniotic fluid re-accumulated. Amniotic fluid was sent routinely for karyotyping.
Following septostomy, all women had serial ultrasound scans to check re-accumulation of amniotic fluid, hydrops, and fetal well being was determined by umbilical artery Doppler. Delivery was only considered appropriate in the presence of (a) fetal compromise on Doppler waveform studies, (b) deteriorating fetal hydrops in the recipient, (c) prelabour rupture of membranes with uterine contractions. Seven patients were delivered by lower segment caesarean section, while six had vaginal delivery.
Postnatal Placental Examination and Delineation of Vascular Anatomy
Placentas were obtained at delivery. Monochorionicity was confirmed by examining the membranes. The placentas were then perfused to map the vascular shunts as described previously. 2 
Statistical Analysis
All results were expressed as medians and ranges. The groups were compared by, the Mann-Whitney or Wilcoxon tests, as appropriate for continuous variables. Fisher's exact test was used for blocked variables.
RESULTS
Clinical Characteristics
The clinical data of the 13 patients managed by amniodrainage and septostomy are given in Table 1 . All fetuses were euploid and structurally normal. Two patients underwent multiple ARs before undergoing the combined treatment of septostomy and AR. In all except one, the donor twin bladder was visible within 3 to 5 days of septostomy and both twin sacs had normal volumes of amniotic fluids. Thereafter, amniotic fluid volumes (measured as deepest pool) of viable recipient and donor twin sacs of ongoing pregnancies were found to be 7 (median); range (5 to 8 cm) and 4.5 (median); range (3 to 6.1 cm), respectively. Following the combined procedure of septostomy and AR, the diagnosis to delivery interval was found to be 4 weeks (median); range (3 days to 13.6 weeks). The perinatal loss was 54 with 46% (n ¼ 12) long-term survivors. Out of 13 sets of twins, seven twin pairs were born alive, but two babies born at 24 weeks of gestation died within a few hours of delivery. Overall, five twin pairs died in utero. In the remaining two pairs, the recipient twin died in utero and the cotwins died in the early neonatal period from renal failure and anaemia.
Vascular Anatomy and Type of Cord Insertion
Seven placentas had deep arterio-venous (AV) anastomotic channels only, whereas, six placentas also had superficial arterioarterio (AA) (n ¼ 4), and venous-venous (VV) (n ¼ 2) shunts, in addition to having AV anastomosis. In all except one, the size of the superficial placental channels was r1 mm, while in one placenta AA anastomosis was 3 mm in size. In the two groups of TTTS, the overall frequency of marginal and velamentously inserted cord was comparable, regardless of the presence of superficial anastomoses (Table 2) . Table 3 shows the clinical outcome of TTTS in relation to the presence or absence of superficial shunts (AA/VV). There was no significant difference in gestational age at diagnosis and delivery between the two groups. The deepest amniotic fluid pools (DP) at the time of septostomy were similar in the two groups. Similarly, there were no differences in perinatal loss rates between the two groups. The two patients who required multiple AR prior to septostomy had deep AV anastomoses only. The number of donor twins with absent end-diastolic flow (AEDF) was similar in the two groups. The perinatal outcome was comparable in the two groups. The median delta haemoglobin was markedly higher in TTS in the presence of superficial vessels compared with those with AV anastomoses only (median 7, range 3.2 to 18 vs median 3.1, range 2 to 9.6; p ¼ 0.03).
Clinical Outcome in Relation to Umbilical Artery Doppler Waveforms
In this cohort, seven donor twins had absent end-diastolic umbilical artery Doppler waveforms, while six donor twins had end-diastolic flow at the time of septostostomy. In the group with abnormal Doppler, the perinatal loss rate was significantly higher than those with end-diastolic flow (86 vs 17%; p<0.001) ( Table 4) .
DISCUSSION
This study suggests that despite the amelioration of polyhydramnios-oligohydramnios in chronic TTTS, amniotic septostomy does not improve perinatal outcome. Furthermore, the clinical outcome following amniotic septostomy, although independent of placental angioarchitecture, depends upon the umbilical artery Doppler waveform characteristic of the donor twin. This was not surprising, as Doppler waveform abnormalities have been shown to be a robust marker of poor perinatal outcome in singleton preterm IUGR fetuses. 16, 17 These findings therefore suggest that the underlying mechanism of the aberration of amniotic fluid volume and discordant fetal growth in chronic TTTS was independent of each other.
This study supports the findings of most series that amniotic septostomy is a safe procedure and does not increase the incidence of cord entanglement. In our series, one patient at 24 weeks gestation progressed rapidly into spontaneous labour within 72 hours of the procedure. Examination of the placenta at delivery revealed needle perforation of the chorionic plate. We therefore have reasons to believe that initiation of labour can occur as a direct consequence of procedure-related placental damage. In all cases we combined amniodrainage with septostomy. This policy has some benefit in that amniodrainage can improve visualisation of the dividing membrane, thereby preventing damage to the chorionic plate during septostomy. Furthermore, combined amniodrainage has an added advantage of reduction of amniotic fluid volume and pressure which in turn can obviate the immediate danger of preterm labour.
Our findings suggest that septostomy is an effective method that achieves equal volumes of fluid in both amniotic sacs and increases the septostomy to delivery interval to a median value of 5 weeks. The immediate question of how septostomy corrects polyhydramnios remains unresolved. We postulate that septostomy interrupts the underlying mechanism of polyhydramniosoligohydramnios sequel by equalising amniotic fluid volumes in the two fetuses. This increased volume of amniotic fluid present in the donor twin sac promotes fetal swallowing, increases circulatory volume and corrects dehydration with a concomitant improvement in renal perfusion and urine output. The resultant increase in circulatory volume, amniotic fluid volume and pressure then maintains the required hydrostatic-osmotic pressure, thereby opposing water flux from the donor twin to the maternal compartment. Similarly, septostomy is also beneficial to the recipient twin, as equalisation of the AFV and pressure is likely to prevent water influx from the maternal compartment. Eventually if both twins survive, a balance may be attained between fetal swallowing and urine output with amelioration of both polyhydramnios and oligohydramnios. This study also suggests that septostomy promotes equalisation of the amniotic fluid volumes and bladder dynamics between the twins with maintenance of the status quo. Our data suggest that despite correction of polyhydramnios, septostomy had an overall survival of 46%, which was suboptimal compared to AR and laser ablation. 7, 10, 15 This was in accordance with the data obtained from three smaller series involving all together seven patients which showed an overall survival rate of 36%. 12 However, our finding contradicted the data of the largest published series, where septostomy was found to prevent perinatal loss in 83% of TTTS (i.e., 20 of 24 fetuses survived). 13 This difference may be due to the disproportionate number of mild TTTS in the series of Saade et al. 13 Furthermore, the study of Saade et al. 13 failed to provide information on the placental angioarchitecture and umbilical artery Doppler waveforms of the fetuses, whereas our study provides data on type of vascular shunts and thereby severity of chronic TTTS.
We appreciate that neonatal survival rate depends upon factors such as gestational age at diagnosis, severity of the disease at the time of intervention and gestational age at delivery. 9, 15, 18 In this study, the fetal loss rate had no bearing on the type of vascular anastomotic channels or the frequency of marginal or velamentous cord insertions. Instead, the fetal loss rate was markedly higher in pregnancies with AEDF of the donor twin. This was in keeping with singleton pregnancies where AEDF of the umbilical artery was found to be a surrogate marker of chronic fetal hypoxia and vascular abnormalities of peripheral villi of the IUGR placenta. 19, 20 Recent clinical, morphological and functional data also suggest that the donor twins who have absent or reversed end-diastolic flow are more likely to be hypoxic with reduced placental microvasculature, 21 and have impaired placental amino-acid transfer efficiency 22 from abnormal placental development. [23] [24] [25] Therefore, our finding of poor perinatal outcome in cases of absent or reverse end-diastolic flow might be a reflection of increased downstream resistance consequent on abnormal placental angiogenesis. 26 It seems likely that the pathology in these cases is so advanced that despite correction of polyhydramnios, septostomy often fails to improve placental perfusion and correct fetal growth. It is also possible that the underlying mechanisms of oligohydramnios-polyhydramnios and growth restriction are distinct entities in that the clinical phenotype is modulated by the type of anastomosis, whereas growth restriction is a consequence of placental maldevelopment and malfunction.
In conclusion, this study indicates that septostomy is an effective method of correction of polyhydramnios-oligohydramnios in monochorial pregnancies complicated by TTTS. However, the efficacy of this method in terms of neonatal survival rate is dependent upon the severity of the placental pathology rather than the severity of polyhydramnios.
